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RAS	  muta)ons	  in	  human	  cancer	  
	  

Pancreas 	   	   	  95% 	   	  KRAS	  
	  

Colorectal 	   	   	  45% 	   	  KRAS	  
	  

Lung 	   	  	   	   	  35% 	   	  KRAS	  
	  

AML 	   	   	   	  30%	  	  	  	  	   	  NRAS	  
	  

Melanoma 	   	   	  15% 	   	  NRAS	  
	  

Bladder	  Cancer 	   	  	  	  5% 	   	  HRAS	  
	  

Thyroid	  Cancer 	   	  	  	  5% 	   	  HRAS	  
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How	  GAP	  turns	  Ras	  off	  
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MutaVons	  at	  posiVon	  12	  distort	  the	  
GTPase	  site	  
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RAS	  Structural	  Biology	  

9	  

Structures available in Protein Data Bank (PDB): 
•  HRAS: 120 structures 

•  KRAS: 36 structures 

•  NRAS: 1 structure 

KRAS bound to GTP analog 
PDB code: 3GFT 

Challenges to targeting RAS cancers 
•  No structure of KRAS mutants with any effector or regulator.  

•  No structural insights about how RAS activates Raf kinase. 

•  No structural information on full-length processed RAS. 

•  No structural information on full-length Raf – free or in complex with RAS. 



Dr Eric Collisson, TCGA 

Frequent loss of Neurofibromin in  
lung adenocarcinoma 



Neurofibromatosis	  1	  (NF1)	  
• 	  Autosomal	  Dominant,	  sporadic	  or	  familial	  transmission	  
• 	  Prevalence	  1	  in	  3500	  

Dermal	  or	  plexiform	  
neurofibroma	  	  

OpVc	  nerve	  tumor	  Lisch	  nodules	  	  Osseous	  lesion	  	  

Received	  24	  July	  1990	   Received	  October	  2,	  1990	  



Neurofibromin	  



EVH-1 KBD SPR Spred2	   411	  aa	  

EVH-1 EVH-2 VASP	   375	  aa	  

30% 

62% 76% 

SPR Sprouty4	   300	  aa	  
43% 

45% 

EVH-1 KBD SPR Spred1	   441	  aa	  

	  
	  
	  
	  

Multiple café-au-lait macules  Axillary freckling  

Macrocephaly 
Noonan-like dysmorphy 
Learning disabilities / ADHD   
developmental delays 

EVH domain: 'ENA/VASP Homology proteins'  

Legius	  Syndrome	  



Pathogenic mutations in SPRED1 in Legius syndrome 
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EVH-1 KBD SPR 
444 aa 
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SPRED recruits NF1 to Ras.GTP  
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	   	  	  	  	  	  G12C	  	   	  G12D	  	  	  	  	  	  	  	  	  	  	  	  	  	  G12V 	  G13D	  
	  
Colorectal 	  	  	  	  6,300 	  22,000 	  	  12,600 	  11,250	  
	  
Lung 	   	  	  22,000 	  	  	  9,520	  	  	  	  	  	  	  	  	  	  	  	  11,900 	  	  	  1,190	  
	  
Pancreas 	  	  	  	  1,200	  	  	  	  	  	  	  	  	  	  19,000 	  	  	  12,000 	  	  	  1,000	  
	  
Total 	   	  	  29,500 	  	  50,520 	  	  	  36,500 	  13,440	  
	  
	  
	  	  
	  
	  

	  	  

Incidence	  of	  KRAS	  muta)ons	  in	  3	  diseases	  



-‐KRAS	  G12V,	  G12C:	  worse	  clinical	  outcome	  than	  G12D	  
	  (Al-‐Mulla	  et	  al;	  Andreyev	  et	  al;	  Vega	  et	  al;	  Keohavong	  et	  al)	  

	  
-‐KRAS	  G12D:	  	  elevated	  PI	  3’	  kinase,	  MAPK	  signaling	  
	  
-‐KRAS	  G12C,	  G12V:	  elevated	  RalGDS	  signaling	  

	  (Ihle	  et	  al,	  2012)	  
	  
-‐KRAS	  G13D:	  respond	  to	  Cetuximab:	  G12	  mutants	  do	  not….	  

	  (de	  Roock	  et	  al,	  2010)	  
	  	  

 
 
 

Dis)nct	  biological	  and	  clinical	  
proper)es	  of	  KRAS	  alleles	  



Raf, PI 3’ kinase 
RalGDS, GAPs 

Raf, PI 3’ kinase 
RalGDS, GAPs 

Raf, PI 3’ kinase 
RalGDS, GAPs 

Raf, PI 3’ kinase 
RalGDS, GAPs 

Palmitolyl Farnesyl 



HRAS NRAS KRAS4A KRAS4B 

Rasless MEFs 
 
Drosten M, Dhawahir A, Sum EY, Urosevic J,  
Lechuga CG, Esteban LM, Castellano E,  
Guerra C, Santos E, Barbacid M. 
EMBO J. 2010 
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The Ras pathway, circa 1991 
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RAF	  inhibitors	  ac)vate	  RAF	  in	  	  
cells	  with	  mutant	  KRAS! 

Neal Rosen et al 



RAF	  inhibitors	  acVvate	  the	  MAPK	  pathway	  by	  relieving	  inhibitory	  auto-‐phosphorylaVon	  
Ma_hew	  Holderfield1,	  Hanne	  Merri_1,	  John	  Chan1,	  Marco	  Wallroth1,	  Laura	  Tandeske1,	  	  
Huili	  Zhai2,	  John	  Tellew3,	  Steve	  Hardy1,	  Mohammad	  Hekmat-‐Nejad1,	  Darrin	  Stuart1,	  Frank	  McCormick4,	  Tobi	  
Nagel1	  
Cancer	  Cell,	  2013	  

RAF	  inhibitors	  ac)vate	  pure	  RAF	  in	  	  
vitro 

Raf inhibitor 
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Up-‐regulaVon	  of	  EGF	  signaling	  	  
following	  MEK	  inhibiVon	  

 

Mirzoeva OK, Das D, Heiser LM, Bhattacharya S, Siwak D, Gendelman R, Bayani N, Wang NJ, Neve RM, Guan Y, Hu Z, 
Knight Z, Feiler HS, Gascard P, Parvin B, Spellman PT, Shokat KM, Wyrobek AJ, Bissell MJ, McCormick F, Kuo WL, Mills 
GB, Gray JW, Korn WM. 
Cancer Res. 2009 Jan 15;69(2):565-72. 
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RAS	  muta)ons	  in	  human	  cancer	  
	  

Pancreas 	   	   	  95% 	   	  KRAS	  
	  

Colorectal 	   	   	  45% 	   	  KRAS	  
	  

Lung 	   	  	   	   	  35% 	   	  KRAS	  
	  

AML 	   	   	   	  30%	  	  	  	  	   	  NRAS	  
	  

Melanoma 	   	   	  15% 	   	  NRAS	  
	  

Bladder	  Cancer 	   	  	  	  5% 	   	  HRAS	  
	  



      Vector	  	  H-‐Ras	  V12	  	  	  K-‐Ras	  V12	  

HRAS	  and	  KRAS	  transformed	  NIH3t3	  cells	  show	  similar	  levels	  
of	  ac)ve	  Erk	  and	  Akt	  
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Total-Erk
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Vector Control K-RasV12 H-RasV12 

MAPK target 
genes 



KRAS,	  but	  not	  HRAS,	  confers	  a	  stem-‐cell	  phenotype	  



KRAS,	  but	  not	  HRAS,	  confers	  a	  stem-‐cell	  phenotype	  



Genes	  up-‐regulated	  by	  KRAS	  (G12V)	  	  vs	  HRAS	  (G12V)	  

 
Leukemia Inhibitory Factor  Maintains stem cell in undifferentiated state 


Notch 2     Key role in development 
 
C-Myc     Everything 
 
Twist 2     Promotes EMT, blocks differentiation 
 
Abcb1a     Multiple drug resistance 

Fzd 8     Drives non-canonical wnt signaling 
 
Gli2     Mediates sonic hedgehog signaling 

Genes	  down-‐regulated	  by	  KRAS	  (G12V)	  	  vs	  HRAS	  (G12V)	  





5,000  PANC2 subcutaneously injected in NUDE mice

LIF	  knock-‐down	  suppresses	  tumor	  
ini)a)on	  

Control 
Sh-LIF 



LIF	  neutralizing	  an)bodies	  prevent	  
tumor	  ini)a)on

Ab treatment via IP injections given on Day 
0 of tumor inoculation 
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KRAS	  4B	  
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MAP3K7	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  CREB	  
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KRAS	  suppresses	  non-‐canonical	  wnt	  signaling	  

β-‐catenin.TCF	   Fzd-8 
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KRAS	  ac)vates	  canonical	  wnt	  signaling	  



KEKMSKDGKKKKKKSKTKC	  

KRAS	  181D	  (or	  E)	  prevents	  calmodulin	  
binding	  



KRAS	  S181D	  reverses	  KRAS	  stemness	  
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